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1
THERMOELECTRIC COOLING SYSTEM

TECHNICAL FIELD

The present application relates generally to a thermoelec-
tric cooling system.

BACKGROUND

Cooling systems circulate a refrigerant and cause that
refrigerate to undergo a thermodynamic cycle. The thermo-
dynamic cycle causes a temperature of the refrigerant to
change between a maximum temperature and a minimum
temperature. Cooling systems transier heat from a desired
space to the refrigerant.

SUMMARY

In one embodiment, a thermoelectric cooling system
includes a first circuit, a second circuit, a circuit heat
exchanger, and a thermoelectric subsystem. The first circuit
1s configured to circulate a first refrigerant. The second
circuit 1s configured to circulate a second refrigerant. The
circuit heat exchanger includes a circuit heat exchanger first
passage and a circuit heat exchanger second passage. The
circuit heat exchanger first passage 1s coupled to the first
circuit and configured to recerve the first refrigerant from the
first circuit and provide the first refrigerant to the first circuait.
The circuit heat exchanger second passage 1s coupled to the
second circuit and configured to receive the second refrig-
erant from the second circuit and provide the second refrig-
crant to the second circuit. The thermoelectric subsystem
includes a thermoelectric subsystem first heat exchanger and
a first thermoelectric cell. The thermoelectric subsystem {first
heat exchanger has a thermoelectric subsystem first heat
exchanger passage that 1s coupled to the second circuit and
configured to receive the second refrigerant from the second
circuit and provide the second refrigerant to the second
circuit. The first thermoelectric cell 1s coupled to the ther-
moelectric subsystem {irst heat exchanger.

In another embodiment, a temperature controlled case
includes a rear wall, a first sidewall, a second sidewall, a
front wall, and a thermoelectric cooling system. The first
sidewall 1s coupled to the rear wall. The second sidewall 1s
coupled to the rear wall. The front wall 1s coupled to the first
sidewall and the second sidewall. The thermoelectric cool-
ing system includes a first circuit, a second circuit, a circuit
heat exchanger, and a thermoelectric subsystem. The first
circuit 1s configured to circulate a first refrigerant. The
second circuit 1s configured to circulate a second refrigerant.
The circuit heat exchanger 1s coupled to the first circuit and
the second circuit. The thermoelectric subsystem includes a
thermoelectric subsystem {first heat exchanger and a first
thermoelectric cell. The thermoelectric subsystem first heat
exchanger 1s coupled to the second circuit. The first ther-
moelectric cell 1s coupled to the thermoelectric subsystem
first heat exchanger and at least one of the rear wall, the first
sidewall, the second sidewall, or the front wall.

In yet another embodiment, a thermoelectric subsystem
for a thermoelectric cooling system includes a thermoelec-
tric subsystem first heat exchanger, a first thermoelectric
cell, and a thermoelectric subsystem second heat exchanger.
The thermoelectric subsystem first heat exchanger has a
thermoelectric subsystem first heat exchanger passage that 1s
configured to receive a relrigerant and to provide a relfrig-
erant. The first thermoelectric cell 1s configured to be
coupled to the thermoelectric subsystem first heat
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2

exchanger. The thermoeclectric subsystem second heat
exchanger 1s configured to be coupled to the first thermo-
clectric cell opposite the thermoelectric subsystem {first heat
exchanger. The first thermoelectric cell separates the ther-
moelectric subsystem first heat exchanger from the thermo-
clectric subsystem second heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

The details of one or more implementations are set forth
in the accompanying drawings and the description below.
Other features, aspects, and advantages of the disclosure will
become apparent from the description, the drawings, and the
claims, 1n which:

FIG. 1 1s a block schematic diagram of an example
thermoelectric cooling system:;

FIG. 2 1s a perspective view of a thermoelectric cooling
system 1nstalled 1n a target 1n a first configuration;

FIG. 3 1s a perspective view of a thermoelectric cooling
system 1nstalled 1n a target 1n a second configuration; and

FIG. 4 1s a cross-sectional view of a shelfl of the target
shown 1 FIG. 3.

It will be recogmized that some or all of the Figures are
schematic representations for purposes of illustration. The
Figures are provided for the purpose of illustrating one or
more implementations with the explicit understanding that
they will not be used to limit the scope or the meaning of the
claims.

DETAILED DESCRIPTION

Following below are more detailed descriptions of various
concepts related to, and implementations of, methods, appa-
ratuses, and for providing cooling using a thermoelectric
cooling system. The various concepts introduced above and
discussed 1n greater detail below may be implemented 1n any
of a number of ways, as the described concepts are not
limited to any particular manner of implementation.
Examples of specific implementations and applications are
provided primarily for illustrative purposes.

I. Overview

Providing a target, such as a temperature controlled
enclosure, with cooling 1s often performed 1n order to store
products, such as refrigerated goods or frozen goods, 1n the
target. The target and/or the products may be associated with
a target temperature. The target typically includes various
refrigeration systems that attempt to establish the target
temperature within the target. However, establishing the
target temperature can be diflicult using typical refrigeration
systems. Furthermore, 1t can be diflicult to dramatically
change the target temperature using typical refrigeration
systems. For example, typical refrigeration systems may be
unable to change the target temperature from a first target
temperature associated with refrigerated goods to a second
target temperature associated with frozen goods.

Implementations described herein relate to a thermoelec-
tric cooling system that has two circuits each circulating a
separate refrigerant, a circuit heat exchanger that exchanges
heat between the refrigerants within the two circuits, and a
thermoelectric subsystem that provides the cooling provided
by one circuit to a thermoelectric cell which provides
cooling to a target. In addition to providing cooling, ther-
moelectric cells also provide heating. Rather than merely
cooling the target using a thermoelectric cell that 1s com-
pletely separate from any other source of cooling, imple-
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mentations described herein use reifrigerant to cool the
thermoelectric cell via a heat exchanger to which the ther-

moelectric cell 1s coupled and within which refrigerant from
one of the circuits 1s routed. By cooling the thermoelectric
cell using the refrigerant, a temperature gradient across the
thermoelectric cell 1s decreased and a rate of cooling pro-
vided by the thermoelectric cell 1s increased. As a result,
implementations described herein are capable of operating
more ethciently than other refrigeration systems, such as
refrigeration systems that use a thermoelectric cell that 1s
completely separate from any other source of cooling.

Additionally, 1mplementations described herein are
capable of rapidly and easily changing a target temperature
of the target due to the use of the thermoclectric cell.
Specifically, a voltage supplied to the thermoelectric cell can
be varied by a controller. In this way, the controller can
rapidly reconfigure the target for medium temperature uses,
such as storage of refrigerated products, or low temperature
uses, such as storage of frozen products.

Furthermore, implementations described herein are also
capable of integrating the thermoelectric subassembly 1nto a
shelf of the target. In this way, the shelf can be provided with
localized cooling. This localized cooling can enable the shelf
to be used for one use, such as storage of frozen products,
while another portion of the target 1s used for a diflerent use,
such as storage of refrigerated products.

11.

Example Thermoelectric Cooling System

FIG. 1 depicts an example thermoelectric cooling system
100. The thermoelectric cooling system 100 includes a first
circuit 102 (e.g., loop, etc.) and a second circuit 104 (e.g.,
loop, etc.). Collectively, the first circuit 102 and the second
circuit 104 form a cascade reifrigeration system where, as 1s
explained in more detail herein, the first circuit 102 and the
second circuit 104 cooperate to provide cooling to a target
106 (e.g., temperature controlled enclosure, etc.). In other
words, the first circuit 102 and the second circuit 104 are
operable to decrease a temperature of the target 106 to a
target temperature and/or to maintain a temperature of the
target 106 at a target temperature. The target 106 may be, for
example, a display case, a Ireezer case, a temperature
controlled case, a refrigerator, a freezer, a locker, a tempera-
ture controlled device, a walk-in cooler, or other similar
structures.

The first circuit 102 circulates a first circuit refrigerant
(e.g., coolant, working fluid, etc.) within a first circuit
conduit system 108 (e.g., plumbing system, piping system,
etc.). The first circuit 102 includes a first circuit compressor
110. The first circuit compressor 110 1s coupled to (e.g.,
attached to, 1n fluid communication with, secured to, con-
nected to, etc.) a first circuit conduit system first conduit 112
of the first circuit conduit system 108 and a first circuit
conduit system second conduit 114 of the first circuit conduit
system 108. The first circuit compressor 110 receives the
first circuit refrigerant from the first circuit conduit system
first conduit 112 and 1s configured to provide the first circuit
refrigerant to the first circuit conduit system second conduit
114.

The first circuit 102 also includes a first circuit condenser
116 (e.g., heat exchanger, cooling coil, cooling tower, etc.).
The first circuit condenser 116 1s coupled to the first circuit
conduit system second conduit 114 and a first circuit conduit
system third conduit 118 of the first circuit conduit system
108. The first circuit condenser 116 1s configured to receive
the first circuit refrigerant from the first circuit conduit
system second conduit 114 and provide the first circuit
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refrigerant to the first circuit conduit system third conduit
118. As 15 explained 1n more detail herein, the first circuit
condenser 116 1s configured to transfer heat from the first
circuit refrigerant to an ambient environment so as to cool
the first circuit refrigerant within the first circuit condenser
116. The first circuit condenser 116 may be coupled to an
external surface of the target 106.

The first circuit 102 also includes a first circuit expansion
device 120 (e.g., flow restrictor, valve, orifice plate, etc.).
The first circuit expansion device 120 1s coupled to the first
circuit conduit system third conduit 118 and a first circuit
conduit system fourth conduit 122 of the first circuit conduit
system 108. The first circuit expansion device 120 1s con-
figured to receive the first circuit refrigerant from the first
circuit conduit system third conduit 118 and provide the first
circuit refrigerant to the first circuit conduit system fourth
conduit 122. As 1s explained 1n more detail herein, the first
circuit expansion device 120 1s configured to cause expan-
s10n of the first circuit refrigerant and, consequently, cooling
of the first circuit refrigerant.

The thermoelectric cooling system 100 also includes a
circuit heat exchanger 124 (e.g., shell and tube heat
exchanger, etc.). The circuit heat exchanger 124 includes a
circuit heat exchanger first passage 126 (e.g., channel, etc.)
and a circuit heat exchanger second passage 128 (e.g.,
channel, etc.). As 1s explained 1n more detail herein, the
circuit heat exchanger 124 1s configured to facilitate transfer
ol heat between the circuit heat exchanger first passage 126
and the circuit heat exchanger second passage 128 so as to
cause heating of the first circuit refrigerant within the circuit
heat exchanger 124. The circuit heat exchanger first passage
126 1s coupled to the first circuit conduit system fourth
conduit 122 and the first circuit conduit system first conduit
112. The circuit heat exchanger first passage 126 1s config-
ured to receive the first circuit refrigerant from the first
circuit conduit system fourth conduit 122 and provide the
refrigerant to the first circuit conduit system first conduit
112. In some embodiments, the circuit heat exchanger 124 1s
insulated so as to maximize heat transter between the circuit
heat exchanger first passage 126 and the circuit heat
exchanger second passage 128 while simultaneously mini-
mizing heat transier between the circuit heat exchanger first
passage 126 and an ambient environment surrounding the
circuit heat exchanger 124 and/or heat transier between the
circuit heat exchanger second passage 128 and an ambient
environment surrounding the circuit heat exchanger 124.

The second circuit 104 circulates a second circuit refrig-
cerant (e.g., coolant, working fluid, etc.) within a second
circuit conduit system 130 (e.g., plumbing system, piping
system, etc.). The second circuit 104 includes a second
circuit pump 132 (e.g., compressor, positive-displacement
pump, positive-displacement compressor, rotary pump,
rotary compressor, etc.). The second circuit pump 132 1s
coupled to a second circuit conduit system first conduit 134
of the second circuit conduit system 130 and a second circuit
conduit system second condut 136 of the second circuit
conduit system 130. The second circuit pump 132 receives
the second circuit refrigerant from the second circuit conduit
system first conduit 134 and 1s configured to provide the
second circuit refrigerant to the second circuit conduit
system second conduit 136.

The circuit heat exchanger second passage 128 1s coupled
to the second circuit conduit system second conduit 136 and
a second circuit conduit system third conduit 138 of the
second circuit condwit system 130. The circuit heat
exchanger second passage 128 1s configured to receive the
second circuit refrigerant from the second circuit conduit
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system second conduit 136 and provide the second circuit
refrigerant to the second circuit conduit system third conduit
138. As 15 explained 1n more detail herein, the circuit heat
exchanger 124 1s configured to facilitate transier of heat
between the circuit heat exchanger first passage 126 and the
circuit heat exchanger second passage 128 so as to cause
cooling of the second circuit refrigerant within the circuit
heat exchanger 124.

The thermoelectric cooling system 100 also includes a
thermoelectric subsystem 140. As 1s explained 1n more detail
herein, the thermoelectric subsystem 140 1s configured to
provide cooling to the target 106 while simultaneously
harnessing cooling provided by the second circuit refriger-
ant. In this way, the thermoelectric subsystem 140 is capable
of providing additional cooling to the target 106 which could
not be provided 1f the thermoelectric subsystem 140 did not
harness cooling provided by the second circuit refrigerant.

The thermoelectric subsystem 140 includes a thermoelec-
tric subsystem first heat exchanger 142. The thermoelectric
subsystem first heat exchanger 142 includes a thermoelectric
subsystem {irst heat exchanger passage 144. The thermo-
clectric subsystem {irst heat exchanger passage 144 1is
coupled to the second circuit conduit system third conduit
138 and a second circuit conduit system fourth conduit 146
of the second circuit conduit system 130.

The second circuit 104 also includes a reservoir 148 (e.g.,
tank, etc.). The reservoir 148 1s configured to store (e.g.,
contain, collect, hold, etc.) a target amount of the second
circuit reirigerant. The reservoir 148 1s coupled to the
second circuit conduit system fourth conduit 146 and the
second circuit conduit system first conduit 134. The reser-
voir 148 1s configured to receive the second circuit refrig-
erant from the second circuit conduit system fourth conduit
146 and to provide the second circuit refrigerant to the
second circuit conduit system {first conduit 134.

The thermoelectric subsystem 140 also includes a first
thermoelectric cell 150 (e.g., Peltier cell, Peltier device,
etc.). As 1s explained 1n more detail herein, the first ther-
moelectric cell 150 1s configured to be cooled by the second
circuit refrigerant and to provide cooling to the target 106.
By being cooled by the second circuit refrigerant, the first
thermoelectric cell 150 1s capable of providing significantly
more cooling to the target 106 than 1f the first thermoelectric
cell 150 was not cooled by the second circuit refrigerant.

The first thermoelectric cell 150 has a first thermoelectric
cell first side 152 (e.g., surface, face, etc.) and a first
thermoelectric cell second side 154 (e.g., surface, face, etc.).
In various embodiments, the first thermoelectric cell second
side 154 1s opposite the first thermoelectric cell first side
152. The first thermoelectric cell first side 152 1s coupled to
the thermoelectric subsystem first heat exchanger 142 (e.g.,
the first thermoelectric cell first side 152 1s 1n contact with
an external surface of the thermoelectric subsystem first heat
exchanger 142). The first thermoelectric cell second side 154
1s coupled to a thermoeclectric subsystem second heat
exchanger 156 (e.g., the first thermoelectric cell second side
154 1s 1n contact with an external surface of the thermo-
clectric subsystem second heat exchanger 156). In this way,
the first thermoelectric cell 150 separates the thermoelectric
subsystem first heat exchanger 142 from the thermoelectric
subsystem second heat exchanger 156.

The thermocelectric subsystem 140 also includes a second
thermoelectric cell 158 (e.g., Peltier cell, Peltier device,
etc.). As 1s explamned in more detail herein, the second
thermoelectric cell 158 1s configured to be cooled by the
second circuit refrigerant and to provide cooling to the target
106. By being cooled by the second circuit refrigerant, the
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6

second thermoelectric cell 158 1s capable of providing
significantly more cooling to the target 106 than 1f the
second thermoelectric cell 158 was not cooled by the second
circuit refrigerant.

The second thermoelectric cell 158 has a second thermo-
clectric cell first side 160 (e.g., surface, face, etc.) and a
second thermoelectric cell second side 162 (e.g., surface,
face, etc.). In various embodiments, the second thermoelec-
tric cell second side 162 1s opposite the second thermoelec-
tric cell first side 160. The second thermoelectric cell first
side 160 1s coupled to the thermoelectric subsystem first heat
exchanger 142 (e.g., the second thermoelectric cell first side
160 1s 1n contact with an external surface of the thermo-
clectric subsystem {first heat exchanger 142). The second
thermocelectric cell second side 162 1s coupled to the ther-
moelectric subsystem second heat exchanger 156 (e.g., the
second thermoelectric cell second side 162 1s in contact with
an external surface of the thermoelectric subsystem second
heat exchanger 156). In this way, the second thermoelectric
cell 158 separates the thermoelectric subsystem first heat
exchanger 142 from the thermoelectric subsystem second
heat exchanger 156. In some embodiments, the thermoelec-
tric subsystem 140 includes only the first thermoelectric cell
150 and does not include the second thermoelectric cell 158.
In other embodiments, the thermoelectric subsystem 140
includes the first thermoelectric cell 150, the second ther-
moelectric cell 158, and at least one additional thermoelec-
tric cell similar to the first thermoelectric cell 150 and/or the
second thermoelectric cell 158. In these ways, the thermo-
clectric cooling system 100 may be tailored for a target
application (e.g., for a specific configuration of the target

106, ctc.).

The cooling provided by the thermoelectric subsystem
first heat exchanger 142 to the first thermoelectric cell 150
and the second thermoelectric cell 158 significantly
increases the ability of the first thermoelectric cell 150 and
the second thermoelectric cell 158 to cool the thermoelectric
subsystem second heat exchanger 156 (e.g., compared to 11
the first thermoelectric cell 150 and the second thermoelec-
tric cell 158 were not cooled by the thermoelectric subsys-
tem first heat exchanger 142 and instead were placed within
the target 106 separate from the second circuit 104, etc.).
Specifically, the cooling provided by the thermoelectric
subsystem first heat exchanger 142 reduces a temperature
differential across the first thermoelectric cell 150 and the
second thermocelectric cell 138, thereby aiding 1n transfer of
heat from the first thermoelectric cell second side 154 to the
first thermoelectric cell first side 152 and from the second
thermoelectric cell second side 162 to the second thermo-
clectric cell first side 160 (e.g., due to decreased thermal
resistance, etc.). As a result, a rate of heat transfer from the
first thermoelectric cell 150 (e.g., to the target 106) 1s greater
when the first thermoelectric cell 150 1s coupled to the
thermoelectric subsystem {irst heat exchanger 142 than
when the first thermoelectric cell 150 1s not coupled to the
thermoelectric subsystem first heat exchanger 142. Simi-
larly, a rate of heat transfer from the second thermoelectric
cell 158 (e.g., to the target 106) 1s greater when the second
thermoelectric cell 158 1s coupled to the thermoelectric
subsystem first heat exchanger 142 than when the second
thermoelectric cell 158 1s not coupled to the thermoelectric

subsystem first heat exchanger 142. An example comparison
1s set forth in Table 1, below.
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TABLE 1

Comparison between a first configuration where the first thermoelectric cell
150 1s coupled to the thermoelectric subsystem first heat exchanger 142
and a second configuration where the first thermoelectric cell 150 1s
not coupled to the thermoelectric subsystem first heat exchanger 142.

The First Thermoelectric The First Thermoelectric Cell

Cell 150 18 Coupled to the 150 1s Not Coupled to the

Thermoelectric Subsystem Thermoelectric Subsystem

First Heat Exchanger 142 First Heat Exchanger 142
Temperature of the First 5 15

Thermoelectric Cell First

Side 152 [degrees Celsius]

Temperature of the First -5
Thermoelectric Cell Second

Side 154 [degrees Celsius]

10

Rate of Heat Transfer from q dy > Q4

the First Thermoelectric
Cell 150 [ ]

In various embodiments, the thermoelectric subsystem 20

140 also includes a fan 164 (e.g., blower, etc.). The fan 164

1s configured to blow air across the thermoelectric subsys-
tem second heat exchanger 156, thereby increasing a rate of
transier of cooling from the thermoelectric subsystem sec-
ond heat exchanger 156 to the target 106 and/or functioning
to direct cooling to a target location (e.g., a shell, etc.) within
the target 106. The thermoelectric subsystem second heat
exchanger 156 may include a plurality of fins (e.g., vanes,
ctc.) that are configured to increase a rate of transier of 3g
cooling from the thermoelectric subsystem second heat
exchanger 156 to the target 106.

In various embodiments, the first thermoelectric cell 150
and the second thermoelectric cell 158 are arranged 1n series,
such as 1s shown in FIG. 1. When 1n series, the thermoelec- 35
tric subsystem first heat exchanger passage 144 extends
across one of the first thermoelectric cell 150 or the second
thermoelectric cell 158, and then across the other of the first
thermoelectric cell 150 or the second thermoelectric cell
158. In other embodiments, the first thermoelectric cell 150 40
and the second thermoelectric cell 158 are arranged 1in
parallel. When 1n parallel, the thermoelectric subsystem first
heat exchanger passage 144 extends across at least a portion
of the first thermocelectric cell 150 and at least a portion of
the second thermocelectric cell 158 simultaneously. 45

The thermocelectric cooling system 100 also includes a
controller 166. The first circuit compressor 110, the first
circuit expansion device 120, the second circuit pump 132,
the first thermoelectric cell 150, the second thermoelectric
cell 158, and the fan 164 are electrically coupled and/or 50
communicatively coupled to the controller 166. Various
sensors (e.g., temperature sensors, flow rate sensors, quality
Sensors, pressure sensors, etc.) may additionally be electri-
cally coupled and/or communicatively coupled to the con-
troller 166. These various sensors may be capable of deter- 55
mimng refrigerant parameters (e.g., temperature, flow rate,
quality, pressure, volumetric flow rate, mass flow rate, etc.)
of the first circuit refrigerant and/or the second circuit
refrigerant.

The controller 166 includes a processing circuit 168. The 60
processing circuit 168 includes a processor 170 and a
memory 172. The processor 170 may include a micropro-
cessor, an application-specific itegrated circuit (ASIC), a
field-programmable gate array (FPGA), other similar com-
ponents, or combinations thereof. The memory 172 may 65
include, but 1s not limited to, electronic, optical, magnetic,
or any other storage or transmission device capable of

25

providing a processor, ASIC, FPGA, or other similar com-
ponents, with program instructions. The memory 172 may
include a memory chip, Electrically Erasable Programmable
Read-Only Memory (EEPROM), Erasable Programmable
Read Only Memory (EPROM), flash memory, or any other
suitable memory from which the controller 166 can read
instructions. The instructions may include code from any
suitable programming language.

The memory 172 may include various modules that
include instructions which are configured to be implemented
by the processor 170. The memory 172 includes a first
circuit compressor module 174. The first circuit compressor
module 174 includes nstructions which are configured to be
implemented by the processor 170 to control operation of
the first circuit compressor 110. The memory 172 also
includes an expansion device module 176. The expansion
device module 176 includes instructions which are config-
ured to be implemented by the processor 170 to control
operation of the first circuit expansion device 120. The
memory 172 also includes a second circuit pump module
178. The second circuit pump module 178 includes instruc-
tions which are configured to be implemented by the pro-
cessor 170 to control operation of the second circuit pump
132. The memory 172 also includes a thermoelectric cell
module 180. The thermoelectric cell module 180 includes
instructions which are configured to be implemented by the
processor 170 to control operation of the first thermoelectric
cell 150 and/or the second thermoelectric cell 158. The
memory 172 also includes a fan module 182. The fan
module 182 includes nstructions which are configured to be
implemented by the processor 170 to control operation of
the fan 164.

The controller 166 1s configured to control operation of
the first circuit compressor 110 (e.g., based on the instruc-
tions stored 1n the first circuit compressor module 174, etc.).
For example, the controller 166 may control an operating
parameter (e.g., voltage supplied to the first circuit com-
pressor 110, current supplied to the first circuit compressor
110, etc.) of the first circuit compressor 110 1n order to
achieve a target relrigerant parameter of the refrigerant
within the first circuit conduit system 108.

The controller 166 1s configured to control operation of
the first circuit expansion device 120 (e.g., based on the
instructions stored in the expansion device module 176,
etc.). For example, the controller 166 may control a position
(e.g., rotational position, translational position, etc.) of the
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first circuit expansion device 120 1n order to achieve a target
refrigerant parameter of the refrigerant within the first circuit
conduit system 108.

The controller 166 1s configured to control operation of
the second circuit pump 132 (e.g., based on the mnstructions
stored 1n the second circuit pump module 178, etc.). For
example, the controller 166 may control an operating param-
cter (e.g., voltage supplied to the second circuit pump 132,
current supplied to the second circuit pump 132, etc.) of the
second circuit pump 132 in order to achieve a target refrig-
crant parameter of the refrigerant within the first circuit
conduit system 108.

The controller 166 1s configured to control operation of
the first thermoelectric cell 150 and/or the second thermo-
clectric cell 158 (e.g., based on the nstructions stored in the
thermoelectric cell module 180, etc.). For example, the
controller 166 may control an operating parameter (e.g.,
voltage supplied to the first thermoelectric cell 150, current
supplied to the first thermoelectric cell 150, etc.) of the first
thermoelectric cell 150 and/or an operating parameter (e.g.,
voltage supplied to the second thermoelectric cell 158,
current supplied to the second thermoelectric cell 158, etc.)
of the second thermocelectric cell 158 1n order to achieve a
target parameter (e.g., temperature, humidity, etc.) associ-
ated with the target 106.

The controller 166 1s configured to control operation of
the fan 164 (e.g., based on the instructions stored 1n the fan
module 182, etc.). For example, the controller 166 may
control an operating parameter (e.g., voltage supplied to the
fan 164, current supplied to the fan 164, etc.) of the fan 164
in order to achieve a target parameter associated with the
target 106.

An example operation of the thermoelectric cooling sys-
tem 100 includes the controller 166 operating the first circuit
compressor 110 to receive the first circuit refrigerant from
the first circuit conduit system first conduit 112 at a first
temperature T, and to provide the first circuit refrigerant to
the first circuit conduit system second conduit 114 at a
second temperature T,. The T, 1s greater than the T,. The
first circuit refrigerant 1s then passed through the first circuit
condenser 116 and 1s cooled to a third temperature T5. The
T, 1s less than the T,. The first circuit refrigerant 1s then
passed through the first circuit expansion device 120 and 1s
turther cooled to a fourth temperature T, (e.g., due to the
Joule-Thomson effect, etc.). The T, 1s less than the T;. The
first circuit refrigerant 1s then passed through the circuit heat
exchanger 124.

The controller 166 operates the second circuit pump 132
to receive the second circuit refrigerant from the second
circuit conduit system first conduit 134 at a fifth temperature
T and to provide the second circuit refrigerant to the second
circuit conduit system second conduit 136 at a sixth tem-
perature T.. The T, 1s greater than the T.. Additionally, the
T, 1s greater than the T,. The second circuit refrigerant 1s
then passed through the circuit heat exchanger 124.

The thermoelectric subsystem first heat exchanger 142
causes heat to be transferred from the second circuit refrig-
erant within the circuit heat exchanger second passage 128
to be transferred to the first circuit refrigerant within the
circuit heat exchanger {first passage 126. In other words, the
second circuit refrigerant 1s cooled within the thermoelectric
subsystem first heat exchanger 142 and the first circuit
reirigerant 1s heated within the thermoelectric subsystem
first heat exchanger 142. As a result, the T, i1s greater than
the T, and the second circuit refrigerant in the second circuit
conduit system third conduit 138 has a seventh temperature
T, that 1s less than the T..
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The first thermoelectric cell 150 i1s controlled by the
controller 166 to cause a transier of heat from the first
thermoelectric cell second side 154 to the first thermoelec-
tric cell first side 152. In other words, the first thermoelectric
cell second side 154 gets cooler while the first thermoelec-
tric cell first side 152 gets warmer. Simultaneously, the first
thermoelectric cell first side 152 transiers heat to the ther-
moelectric subsystem first heat exchanger 142 and therefore
to the second circuit refrigerant within the thermoelectric
subsystem {irst heat exchanger passage 144. In other words,
the second circuit refrigerant 1s warmed by the first thermo-
clectric cell 150 and the first thermoelectric cell 150 1s
simultaneously cooled by the second circuit refrigerant.

The second thermocelectric cell 158 1s controlled by the
controller 166 to cause a transfer of heat from the second
thermoelectric cell second side 162 to the second thermo-
electric cell first side 160. In other words, the second
thermoelectric cell second side 162 gets cooler while the
second thermoelectric cell first side 160 gets warmer. Sumul-
taneously, the second thermoelectric cell first side 160
transiers heat to the thermoeclectric subsystem {first heat
exchanger 142 and therefore to the second circuit refrigerant
within the thermoelectric subsystem first heat exchanger
passage 144. In other words, the second circuit refrigerant 1s
warmed by the second thermoelectric cell 158 and the
second thermocelectric cell 158 1s simultaneously cooled by
the second circuit refrigerant.

The thermoelectric subsystem second heat exchanger 156
1s cooled by the first thermoelectric cell 150 and the second
thermoelectric cell 158. In other words, heat 1s transferred
from the thermoelectric subsystem second heat exchanger
156 to the first thermoelectric cell 150 and the second
thermoelectric cell 158. Additionally, the thermoelectric
subsystem second heat exchanger 156 absorbs heat within
the target 106, thereby cooling the target 106.

It 1s understood that the target 106 may additionally be
cooled by the second refrigerant flowing within the second
circuit conduit system third conduit 138, the thermoelectric
subsystem first heat exchanger 142, and/or the second circuit
conduit system fourth conduit 146. For example, if the
controller 166 causes the first thermoelectric cell 150 and the
second thermoelectric cell 158 to not operate (e.g., to be
provided no voltage, to be provided no power, etc.), the
target 106 may only be cooled by the second refrigerant
flowing within the second circuit conduit system third
conduit 138, the thermoeclectric subsystem {first heat
exchanger 142, and the second circuit conduit system fourth
conduit 146. Such cooling may be useful when the addi-
tional cooling provided by the first thermoelectric cell 150
and/or the second thermoelectric cell 158 1s not required,
such as when the target 106 1s utilized for medium-tempera-
ture (MT) uses (e.g., refrigeration of meats, refrigeration of
dairy products, etc.). In this way, the thermoelectric cooling
system 100 may be more desirable because the thermoelec-
tric cooling system 100 1s capable of minimizing energy
consumption.

In embodiments where the thermoelectric cooling system
100 includes the fan 164, the fan 164 operates to cause an
airflow across the thermoelectric subsystem second heat
exchanger 156. This airtlow may increase a rate at which the
thermoelectric subsystem second heat exchanger 156 1s able
to cool the target 106.

The second circuit refrigerant 1s heated within the ther-
moelectric subsystem first heat exchanger 142 to an eight
temperature T,. The Ty 1s greater than the T-. The T, may be
different from, or the same as, the T..
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The first circuit refrigerant 1s defined by a first freezing
temperature 1, -at which the first circuit refrigerant begins to
freeze (e.g., solidity, gel, etc.). Similarly, the second circuit
refrigerant 1s defined by a second freezing temperature 1, -at

which the second circuit refrigerant begins to freeze. The T, p 5

1s less than the T, (e.g., such that the first circuit refrigerant
does not freeze within the first circuit 102, etc.). However,
the T, .may be greater than the T4. The T,,1s less than the
T, (e.g., such that the second circuit refrigerant does not
freeze within the second circuit 104, etc.).

In some embodiments, the first circuit refrigerant and the
second circuit refrigerant are the same. However, 1in other
embodiments, the first circuit refrigerant and the second
circuit refrigerant are different. In some applications, refrig-
crant with a higher freezing temperature may be less expen-
sive than refrigerant with a lower freezing temperature. As
such, the first circuit refrigerant and the second circuit
refrigerant may be selected so as to minimize a cost of the
thermoelectric cooling system 100. In some embodiments,
the first circuit refrigerant and/or the second refrigerant 1s a
hydro-fluorocarbon (HFC) refrigerant, a hydrofluoroolefin
(HFO) refrigerant, or a natural refrigerant (e.g., a water-
glycol refrigerant, etc.).

The thermoelectric cooling system 100 can be utilized in
retrofit application where, prior to retrofitting with the
thermoelectric cooling system 100, the target 106 1s set up
for MT uses but 1t 1s desired to additionally or alternatively
utilize the target 106 for lower-temperature (LT) uses (e.g.,
frozen storage of frozen foods, etc.). To utilize the thermo-
clectric cooling system 100 1n a retrofit application, the first
thermoelectric cell 150 and the second thermoelectric cell
158 are coupled to an existing heat exchanger or conduit
within the target 106, thereby forming the thermoelectric
subsystem first heat exchanger 142. The thermoelectric
subsystem second heat exchanger 156 1s subsequently
coupled to the first thermoelectric cell 150 and the second
thermoelectric cell 158. In such a retrofit application, the
first refrigerant and/or the second refrigerant may be
selected for M'T uses (e.g., the 1, 1s not low enough to be
suitable for LT uses, the 1, 1s not low enough to be suitable
for LT uses), but can enable the target 106 to be utilized for
LT uses because of the heating provided to the second
refrigerant by the first thermoelectric cell 150 and the second
thermoelectric cell 158 and/or the heating provided by the
second refrigerant to the first refrigerant. As such, the
thermoelectric cooling system 100 may be utilized 1n retrofit
applications without the use of new refrigerants. As a result,
a cost of retrofitting using the thermoelectric cooling system
100 may be significantly less than the cost of retrofitting
using other systems.

Advantageously, the first thermoelectric cell 150 and/or
the second thermoelectric cell 158 can be controlled to
provide a target amount of cooling to the target 106. For
example, a voltage/power supplied to the first thermoelectric
cell 150 and/or a voltage/power supplied to the second
thermoelectric cell 158 can be controlled by the controller
166 such that the target 106 can attain a target temperature.
In this way, the thermoelectric cooling system 100 can
cnable the target 106 to be used for LT uses (where the first
thermoelectric cell 150 and the second thermoelectric cell
158 are provided higher voltages/powers) and MT uses
(where the first thermoelectric cell 150 and the second
thermoelectric cell 158 are provided lower voltages/pow-
ers ).

In some embodiments, the thermoelectric subsystem sec-
ond heat exchanger 156 1s omitted and cooling 1s transferred
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from the first thermoelectric cell second side 154 and the
second thermoelectric cell second side 162 directly.

FIG. 2 1llustrates the thermoelectric cooling system 100
installed 1n the target 106 1n a first configuration. In an
example embodiment, the target 106 includes a top wall 200,
a rear wall 202 coupled to the top wall 200, a bottom wall
204 coupled to the rear wall 202, a first sidewall 206 coupled
to the top wall 200, the rear wall 202, and the bottom wall
204, a second sidewall 208 coupled to the top wall 200, the
rear wall 202, and the bottom wall 204, and a front wall 210
coupled to the top wall 200, the bottom wall 204, the first
sidewall 206, and the second sidewall 208. Collectively, the
top wall 200, the rear wall 202, the bottom wall 204, the first
sidewall 206, the second sidewall 208, and the front wall 210
at least partially border a volume (e.g., refrigerated volume,
etc.). The volume 1s configured to be cooled to a target
temperature (e.g., 0 degrees Celsius, etc.) associated with the
target 106, the target temperature being less than an ambient
temperature (e.g., 20 degrees Celsius, etc.) of an environ-
ment (e.g., store, etc.) within which the target 106 1s located.

The target 106 also includes a shelf 212 that 1s coupled to
at least one of the top wall 200, the rear wall 202, the bottom
wall 204, the first sidewall 206, the second sidewall 208, and
the front wall 210 and extends within the volume of the
target 106. The shelf 212 1s configured to support a product
(e.g., reirigerated product, frozen product, meat product,
dairy product, frozen food, etc.) within the volume.

In the configuration shown in FIG. 2, the thermoelectric
subsystem second heat exchanger 156 1s coupled to the rear
wall 202 and extends from the rear wall 202 into the volume.
The first thermoelectric cell 150, the second thermoelectric
cell 158, the thermoelectric subsystem first heat exchanger
142, the second circuit conduit system third conduit 138, and
the second circuit conduit system fourth conduit 146 may
extend within, behind, and/or 1n front of (e.g., relative to the
front wall 210, etc.), the rear wall 202. Air that 1s proximate
the thermoelectric subsystem second heat exchanger 156 1s
cooled and circulated within the volume to cool the target.
It 1s understood that the thermoelectric subsystem second
heat exchanger 156 may additionally or alternatively be
coupled to any of the top wall 200, the bottom wall 204, the
first sidewall 206, the second sidewall 208, the front wall
210, and the shell 212.

The fan 164 1s coupled to the top wall 200 and 1s
configured to draw air upwards (e.g., towards the top wall
200, etc.), across the thermoelectric subsystem second heat
exchanger 156 and to cause the air to circulate within the
volume. In this way, the fan 164 may function to increase
transier of cooling from the thermoelectric subsystem sec-
ond heat exchanger 156. It 1s understood that the fan 164
may additionally or alternatively be coupled to any of the
rear wall 202, the bottom wall 204, the first sidewall 206, the
second sidewall 208, the front wall 210, and the shelf 212.

FIGS. 3 and 4 illustrate the thermoelectrlc cooling system
100 mstalled 1n the target 106 1n a second configuration. In
this configuration, the thermoelectric subsystem second heat
exchanger 156, the first thermoelectric cell 150, the second
thermoelectric cell 158, the thermoelectric subsystem first
heat exchanger 142, the second circuit conduit system third
conduit 138, and the second circuit conduit system fourth
conduit 146 are coupled to and extend within, behind, 1n
front of, behind, and/or on top of, the shelf 212. As shown
in FIGS. 3 and 4, the thermocelectric subsystem second heat
exchanger 1356, the first thermoelectric cell 150, the second
thermoelectric cell 158, the thermoelectric subsystem first
heat exchanger 142, the second circuit conduit system third
conduit 138, and the second circuit conduit system fourth
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conduit 146 are contained within (e.g., embedded 1n,
enclosed by, etc.) the shelf 212. In these embodiments, the
thermoelectric subsystem second heat exchanger 156 may
not include fins and may instead be configured to transier
cooling to the shelf 212 via conduction. In some embodi-
ments, the thermoelectric cooling system 100 may not
include the fan 164.

Advantageously, the thermoelectric subsystem second
heat exchanger 156 may provide localized cooling on the
shelf 212 (1.e., where products are located) thereby cooling
the products without unnecessarily cooling the volume. As
a result, energy consumption of the thermoelectric cooling
system 100 may be minimized. Additionally, the localized
cooling provided by the thermoelectric subsystem second
heat exchanger 156 may enable a portion of the volume to
be utilized for MT uses while the shelf 212 1s utilized for LT
uses, thereby enabling the target 106 to be utilized for both
MT uses and LT uses simultaneously. As shown in FIG. 3,
the shelf 212 may attain a temperature of 0 degrees Celsius,
which may be suitable for L'T uses, and another portion of
the target 106 (e.g., another shelf, etc.) may attain a tem-
perature of 10 degrees Celsius, which may be suitable for
MT uses.

In some embodiments, the first circuit compressor 110 1s
a pump similar to the second circuit pump 132. For example,
the first circuit 102 may be connected to an external loop
(e.g., a glycol loop, etc.) and a pump (e.g., similar to the
second circuit pump 132, etc.) of the external loop may be

utilized to circulate the first circuit refrigerant through the
first circuit 102.

In some embodiments, the thermoelectric cooling system
100 does not include the first circuit 102. Instead, the
thermoelectric cooling system 100 includes only the second
circuit 104 and the thermoelectric subsystem 140.

III. Construction of Example Embodiments

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of what may be claimed but rather as
descriptions of features specific to particular implementa-
tions. Certain features described in this specification in the
context of separate implementations can also be imple-
mented 1n combination 1 a single implementation. Con-
versely, various features described in the context of a single
implementation can also be implemented in multiple 1mple-
mentations separately or in any suitable subcombination.
Moreover, although features may be described as acting 1n
certain combinations and even mnitially claimed as such, one
or more features from a claimed combination can, in some
cases, be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

As utilized herein, the term “generally” and similar terms
are intended to have a broad meaning 1n harmony with the
common and accepted usage by those of ordinary skill 1n the
art to which the subject matter of this disclosure pertains. It
should be understood by those of skill in the art who review
this disclosure that these terms are intended to allow a
description of certain features described and claimed with-
out restricting the scope of these features to the precise
numerical ranges provided. Accordingly, these terms should
be interpreted as indicating that insubstantial or nconse-
quential modifications or alterations of the subject matter
described and claimed are considered to be within the scope
of the mvention as recited in the appended claims.
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The term “coupled” and the like, as used herein, mean the
joming ol two components directly or indirectly to one
another. Such joining may be stationary (e.g., permanent) or
moveable (e.g., removable or releasable). Such joining may
be achieved with the two components or the two compo-
nents and any additional intermediate components being
integrally formed as a single unitary body with one another,
with the two components, or with the two components and
any additional intermediate components being attached to
one another.

The terms “fluid communication with” and the like, as
used herein, mean the two components or objects have a
pathway formed between the two components or objects 1n
which a fluid, such as air, liguid refrigerant, gaseous refrig-
erant, mixed-phase refrigerant, etc., may tlow, either with or
without intervening components or objects. Examples of
configurations for enabling fluuid communication may
include piping, channels, or any other suitable components
for enabling the flow of a fluid from one component or
object to another.

It 1s important to note that the construction and arrange-
ment of the system shown in the various example 1mple-
mentations 1s illustrative only and not restrictive 1n charac-
ter. All changes and modifications that come within the spirit
and/or scope of the described implementations are desired to
be protected. It should be understood that some features may
not be necessary, and implementations lacking the various
features may be contemplated as within the scope of the
application, the scope being defined by the claims that
follow. When the language “a portion” 1s used, the 1tem can
include a portion and/or the entire 1tem unless specifically
stated to the contrary.

Also, the term “or” 1s used 1n 1ts inclusive sense (and not
in 1ts exclusive sense) so that when used, for example, to
connect a list of elements, the term “or” means one, some,
or all of the elements in the list. Conjunctive language such
as the phrase “at least one of X, Y, and Z,” unless specifically
stated otherwise, 1s otherwise understood with the context as
used 1 general to convey that an item, term, etc. may be
etther X, Y, Z, Xand Y, X and Z, Y and Z, or X, Y, and Z
(1.e., any combination of X, Y, and Z). Thus, such conjunc-
tive language 1s not generally intended to imply that certain
embodiments require at least one of X, at least one of Y, and
at least one of Z to each be present, unless otherwise
indicated.

Additionally, the use of ranges of values (e.g., W to P, etc.)
herein are inclusive of their maximum values and minimum
values (e.g., W to P includes W and includes P, etc.), unless
otherwise indicated. Furthermore, a range of values (e.g., W
to P, etc.) does not necessarily require the inclusion of
intermediate values within the range of values (e.g., W to P
can 1mclude only W and P, etc.), unless otherwise indicated.

What 1s claimed 1s:

1. A thermoelectric cooling system comprising:

a first circuit configured to circulate a first refrigerant, the

first circuit comprising;:

a first circuit conduit system first conduit coupled to a
circuit heat exchanger first passage and configured to
receive the first refrigerant from the circuit heat
exchanger first passage;

a first circuit compressor coupled to the first circuit
conduit system first conduit and configured to
receive the first refrigerant from the first circuit
conduit system first conduait;

a first circuit conduit system second conduit coupled to

the first circuit compressor and configured to receive
the first refrigerant from the first circuit compressor;
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a first circuit condenser coupled to the first circuit
conduit system second conduit and configured to
recerve the first refrigerant from the first circuit
conduit system second conduit;

a first circuit conduit system third conduit coupled to

the first circuit condenser and configured to recerve

the first refrigerant from the first circuit condenser;
a first circuit expansion device coupled to the first
circuit condut system third conduit and configured
to receive the first refrigerant from the first circuit
conduit system third conduit; and
a first circuit conduit system fourth conduit coupled to
the first circuit expansion device and the circuit heat
exchanger first passage and configured to receive the
first refrigerant from the {first circuit expansion
device and provide the first refrigerant to the circuit
heat exchanger first passage;
a second circuit configured to circulate a second refrig-
erant;
a circuit heat exchanger comprising:
the circuit heat exchanger first passage coupled to the
first circuit and configured to recerve the first refrig-
crant from the first circuit and provide the first
refrigerant to the first circuit; and

a circuit heat exchanger second passage coupled to the
second circuit and configured to receive the second
refrigerant from the second circuit and provide the
second refrigerant to the second circuit;

a thermoelectric sub system comprising:

a thermoelectric subsystem first heat exchanger having
a thermoelectric subsystem first heat exchanger pas-
sage coupled to the second circuit and configured to
recerve the second refrigerant from the second circuit
and provide the second refrigerant to the second
circuit; and

a first thermoelectric cell coupled to the thermoelectric
subsystem {irst heat exchanger; and

a controller operatively coupled to the first circuit, the
second circuit, and the thermoelectric subsystem, the
controller configured to:
control at least one operating parameter supplied to at

least one of the first circuit, the second circuit, or the

thermoelectric subsystem, the at least one operating

parameter comprising a first voltage and a second

voltage, controlling the at least one operating param-

cter supplied to the first circuit and the second circuit

COMprises:

selecting the first voltage so as to cause the first
thermoelectric cell to provide a target rate of
cooling;

supplying the first voltage to the first thermoelectric
cell;

selecting the second voltage so as to cause the first
thermoelectric cell to provide the target rate of
cooling; and

supply the second voltage to the first circuit compres-
sor; and

based on the at least one operating parameter, cause the
first thermocelectric cell to provide the target rate of
cooling.

2. The thermoelectric cooling system of claim 1, wherein:

the first thermoelectric cell comprises:
a first thermoelectric cell first side; and
a first thermoelectric cell second side;

the first thermoelectric cell 1s coupled to the thermoelec-
tric subsystem first heat exchanger via the first ther-
moelectric cell first side;
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the thermoelectric subsystem further comprises a thermo-
clectric subsystem second heat exchanger;

the first thermocelectric cell 1s coupled to the thermoelec-
tric subsystem second heat exchanger via the first
thermoelectric cell second side; and

the first thermoelectric cell separates the thermoelectric
subsystem first heat exchanger from the thermoelectric
subsystem second heat exchanger.

3. The thermoelectric cooling system of claim 2, further

comprising a fan oriented towards the thermoelectric sub-
system second heat exchanger and configured to cause air to
flow across the thermoelectric subsystem second heat
exchanger.

t

t

4. The thermoelectric cooling system of claim 2, wherein

ne thermoelectric subsystem further comprises a second
nermoelectric cell coupled to the thermoelectric subsystem

first heat exchanger and the thermoelectric subsystem sec-

ond

heat exchanger.
5. The thermoelectric cooling system of claim 4, wherein:

the second thermocelectric cell comprises:

a second thermoelectric cell first side; and

a second thermoelectric cell second side;
the second thermoelectric cell 1s coupled to the thermo-

clectric subsystem first heat exchanger via the second

thermoelectric cell first side:

the second thermoelectric cell 1s coupled to the thermo-
clectric subsystem second heat exchanger via the sec-
ond thermoelectric cell second side; and

the second thermoelectric cell separates the thermoelec-
tric subsystem {irst heat exchanger from the thermo-
clectric subsystem second heat exchanger.

6. The thermoelectric cooling system of claim 1, wherein:

the second circuit comprises:

a second circuit conduit system first conduit;

a second circuit pump coupled to the second circuit
conduit system first conduit and configured to
receive the second refrigerant from the second circuit
conduit system first conduait;

a second circuit conduit system second conduit coupled
to the second circuit pump and the circuit heat
exchanger second passage and configured to recerve
the second refrigerant from the second circuit pump
and to provide the second refrigerant to the circuit
heat exchanger second passage;

a second circuit conduit system third conduit coupled to
the circuit heat exchanger second passage and the
thermoelectric subsystem first heat exchanger pas-

sage and configured to recerve the second refrigerant
from the circuit heat exchanger second passage and
to provide the second refrigerant to the thermoelec-
tric subsystem first heat exchanger passage;

a second circuit conduit system fourth conduit coupled
to the thermoelectric subsystem first heat exchanger
passage and configured to receive the second refrig-
crant from the thermoelectric subsystem first heat
exchanger passage; and

a reservoir coupled to the second circuit conduit system
fourth conduit and the second circuit conduit system
first conduit and configured to receive the second
refrigerant from the second circuit conduit system
fourth conduit and to provide the second refrigerant
to the second circuit conduit system first conduit.

7. The thermoelectric cooling system of claim 6, wherein

the controller 1s further configured to operate the first circuit
compressor, the first circuit expansion device, and the sec-
ond circuit pump such that a temperature of the first refrig-
erant in the first circuit conduit system fourth conduit 1s less
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than a temperature of the second refrigerant in the second
circuit conduit system second conduit.

8. The thermoelectric cooling system of claim 1, wherein
the second refrigerant 1s the same as the first refrigerant.

9. The thermoelectric cooling system of claim 1, wherein:

the first refrigerant 1s defined by a first freezing tempera-

ture;

the second relfrigerant i1s defined by a second freezing

temperature; and

the second freezing temperature 1s lower than the first

freezing temperature.

10. The thermoelectric cooling system of claim 4, further
comprising a temperature controlled enclosure that com-
Prises:

a rear wall;

a first sidewall coupled to the rear wall;

a second sidewall coupled to the rear wall;

a Iront wall coupled to the first sidewall and the second

sidewall; and

a shelf coupled to at least one of the rear wall, the first

sidewall, the second sidewall, or the front wall, the first
thermoelectric cell coupled to the shell.

11. The thermoelectric cooling system of claam 10,
wherein the thermoelectric subsystem {first heat exchanger,
the second thermoelectric cell, and the thermoelectric sub-
system second heat exchanger are coupled to the shell.

12. The thermoelectric cooling system of claim 10,
wherein the temperature controlled enclosure 1s one of: a
display case, a freezer case, a temperature controlled case, a
refrigerator, a freezer, a locker, a temperature controlled
device, or a walk-1n cooler.

13. The thermoeclectric cooling system of claim 10,
wherein each of the thermoeclectric subsystem {first heat
exchanger, the first thermoelectric cell, the thermoelectric
subsystem second heat exchanger, and the second thermo-
clectric cell 1s within, behind, in front of, or on top of the
shell.

14. The thermoelectric cooling system of claim 4, wherein
the thermoelectric subsystem {first heat exchanger extends
across one of the first thermoelectric cell or the second
thermoelectric cell, and then across the other of the first
thermoelectric cell or the second thermoelectric cell.
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15. The thermoelectric cooling system of claim 4, wherein
the first thermoelectric cell and the second thermoelectric
cell are arranged 1n series.

16. The thermoelectric cooling system of claim 4, wherein
the first thermoelectric cell and the second thermoelectric
cell are arranged 1n parallel.

17. The thermocelectric cooling system of claim 4, wherein
the thermoelectric subsystem {first heat exchanger extends
across at least a portion of the first thermoelectric cell and at
least a portion of the second thermoelectric cell simultane-
ously.

18. The thermoelectric cooling system of claim 2, further
comprising a plurality of fins extending from the thermo-
clectric subsystem second heat exchanger.

19. The thermoelectric cooling system of claim 2, further
comprising at least one fan oriented towards the thermo-
clectric subsystem second heat exchanger and configured to
cause air to flow across the thermoelectric subsystem second
heat exchanger.

20. The thermocelectric cooling system of claim 1, wherein
the first refrigerant 1s different than the second refrigerant.

21. The thermoelectric cooling system of claim 9, wherein
the first refrigerant and the second refrigerant are the same.

22. The thermoelectric cooling system of claim 1, wherein
cach of the first refrigerant and the second refrigerant 1s a
hydro-fluorocarbon refrigerant, a hydro-fluoroolefin refrig-
crant, or a natural water-glycol refrigerant.

23. The thermoelectric cooling system of claim 10,
wherein the thermoeclectric subsystem second heat
exchanger 1s coupled to and positioned relative to the shelf
to transfer cooling to the shelf via conduction.

24. The thermoelectric cooling system of claim 1, wherein

the at least one operating parameter comprises a valve
position, and the controller 1s configured to:
select the valve position so as to cause the first thermo-
clectric cell to provide the target rate of cooling; and
cause the first circuit expansion device to attain the valve
position associated with a tflow rate of the first refrig-
erant through the first circuit expansion device.
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